Background: Olfactory neuroblastoma or esthesioneuroblastoma is a rare malignant neoplasm of the olfactory neuroepithelium. Objectives: This study aimed to investigate the clinical presentation, characteristics and treatment outcome of fourteen patients with olfactory neuroblastoma.
Background
Sinonasal tract cancers are uncommon and account for less than 1% of all malignancies. These neoplasms are a broad range of pathologies that tend to present at a locally advanced stage, have a high rate of local recurrence, and a moderate to poor outcome. The majority (approximately two thirds) of these malignancies are epithelial tumors (1) . Squamous cell carcinoma, minor salivary gland tumors, and undifferentiated carcinoma are the most common epithelial malignancies in this location. Lymphomas, malignant melanoma, soft tissue sarcoma and olfactory neuroblastoma are the most common nonepithelial pathologies (1) (2) (3) . Olfactory neuroblastoma or esthesioneuroblastoma is a rare malignant neuroectodermal neoplasm of the olfactory neuroepithelium. This tumor accounts for 3% -8% of all sinonasal neoplasms and shows a broad biological behavior and natural history from indolent growth pattern with long-term survival to highly aggressive tumor with rapid disseminated disease and ominous outcome (1, (4) (5) (6) . Histopathologically, olfactory neuroblastoma consisted of round, oval, or fusiform cells containing neurofibrils with pseudorosette formation with diffusely increased microvascularity (7) . Accordingly, this tumor should be differentiated from a group of aggressive malignant tumors composed of monotonous undifferentiated small and blue-staining cells such as lymphomas, malignant melanoma, undifferentiated sinonasal carcinoma, Ewing's sarcoma, and sinonasal neuroendocrine carcinoma. Immunohistochemical studies play a major role in pathologic diagnosis and differentiation from the other pathologies (7, 8) . Nasal obstruction and epistaxis are the most frequent clinical presentation in patients with olfactory neuroblastoma (4, 9).
Objectives
This study aimed to investigate the clinical presentation, characteristics and treatment outcome of fourteen patients with olfactory neuroblastoma.
Patients and Methods
This retrospective study was carried out at two referral tertiary academic hospitals of Shiraz University of Medical Sciences. The characteristics, treatment outcome, and survival of all patients with histologically-proven olfactory neuroblastoma that were treated and followed-up between January 2000 and December 2014 were evaluated and analyzed. Patients under 16 years old were excluded from the study. Kadish classification was used for staging tumors. According to this staging classification, tumors that are confined to the nasal cavity are considered as Kadish stage A. Tumors that are confined to the nasal cavity and paranasal sinuses are classified as Kadish stage B; whereas Kadish stage C includes tumors beyond the nasal cavity and paranasal sinuses, including involvement of the cribriform plate, base of the skull, orbit or intracranial cavity. Finally, Kadish stage IV, are tumors with metastasis to cervical lymph nodes or distant metastasis. In addition, the tumors were histopathologically graded according to Hyams' grading classification. Preliminary evaluation included a comprehensive medical history, clinical examination including panendoscopy (oro-haryngolaryngoscopy and rhinonasopharyngoscopy), chest radiography, CT scan and/or MRI of the head and neck region. Additional studies including chest, abdominal and pelvic CT scan and whole body bone scintigraphy that were performed for selected patients.
Immunohistochemical staining consisted of a panel of antigens of S-100, cytokeratin, desmin, vimentin, actin, glial fibrillary acidic protein, UMB45, and common leucocytic antigen (CD45) that was used to confirm the diagnosis and exclude other differential pathologies. Surgical treatment included open or endoscopic biopsy in three patients (21%), partial endoscopic resection in 7 patients (50%) and complete surgical resection (as maxillectomy and/or ethmoidectomy and/or turbinectomy) in 4 patients (29%). No craniofacial resection was performed for the patients. External beam radiotherapy using a 6 -9 MV linear accelerator was carried out for all but one patient and a median total dose of 58 (range 30 -60) Gy was delivered. Radiotherapy was delivered with either two-dimensional conventional or three-dimensional conformal radiotherapy. All radiation treatments were delivered using conventional fractionation as daily fraction of 1.8 -2 Gy and five fractions per week. Five patients received neoadjuvant or adjuvant chemotherapy. In addition, salvage chemotherapy was used in five patients with relapsed or persistent disease. A median 4 (range 2 -6) cycles of various chemotherapy combinations including etoposide and cisplatin; or etoposide and carboplatin; or vincristine, doxorubicin and cyclophosphamide were administered.
The date of surgery or biopsy was considered as the time of diagnosis. Survival durations were calculated from the date of diagnosis until the events of tumor regrowth, death due to any cause or the last follow-up. Disease-free survival was defined from the date of diagnosis to the date of disease recurrence at any site. Overall survival was defined from the date of diagnosis to date of death due to any cause. Clinical and pathological variables were analyzed using IBM SPSS, version 19 statistical software. Disease-free survival and overall survival rates were calculated using the Kaplan-Meier method.
Results
There were six women (43%) and 8 men (57%) ranging from 16 to 56 years old, with a median age of 40 years at diagnosis. The peak incidence was during the fifth decade of life in both genders. Nasal obstruction (93%), facial or sinus pain (57%), and nasal bleeding (43%) were the most frequent presentation followed by headache (43%), and hearing loss (14%). Two patients (14%) had stage A, 3 (21.5%) had stage B, 6 (43%) had stage C and 3 (21.5%) had stage D disease. The median largest tumor diameter was 5.5 (range 3 -9) cm. According to Hyams' grading classification, five patients (36%) had grade 1, 3 (21.5%) had grade 2, 4 (28.5%) had grade 3 and 2 (14%) had grade 4. Table 1 represents the details of clinical and pathological characteristics, treatment modality, and outcome of 14 patients with olfactory neuroblastoma. After initial treatment, five patients developed recurrent disease. One patient (7%) developed local recurrence, one (7%) developed distant failure, and two (14%) patients developed local and distant failure. Salvage chemotherapy alone with or without radiotherapy was used for patients with persistent or recurrent disease. After a median follow-up of 73 (range 14 -108) months for surviving patients, 10 patients (71.5%) were alive and without disease, one (7%) were alive with disease, and 3 (21.5%) died due to the disease. The 5-year and 10-year disease free survival rates were 71.4% and 59.5%, respectively; as shown in Figure 1 . The 5-and 10-year overall survival rates were 75.7% and 63.1%, respectively; as shown in Figure 2 . In this study, because of the small sample size and few numbers of the events, we did not find a prognostic factor in univariate or multivariate analysis.
Discussion
Olfactory neuroblastoma is a rare tumor of the sinonasal tract that affects all age groups and without significant sex predilection (4). In the current series, by excluding patients under 16 years old, the median age was 40 years at diagnosis with a slight male predominance. The majority of our patients presented at an advanced Kadish stage and were treated with multimodality treatment including surgery, radiotherapy and chemotherapy. This finding is consistent with the results of other studies that showed delayed diagnosis, usually due to the vague and nonspecific initial symptoms of this disease (10-12).
There is as yet, no consensus regarding the optimal treatment for olfactory neuroblastoma (13) . However, ac- cording to several individual series, a multimodality approach particularly in advanced stage is preferred (14, 15) . Many investigators believe that surgery is the mainstay of treatment and adjuvant radiotherapy will enhance local control and overall survival (16, 17) . Seventy percent of our patients underwent surgery and then received adjuvant radiotherapy. Review of the literature demonstrated that surgery followed by postoperative radiotherapy is the most frequently used treatment (18, 19) .
The role of adjuvant or salvage chemotherapy, either concurrent or sequential, with single or combination regimen and preferred drugs is another area of controversy. Mclean et al. found that there is no any survival benefit when cisplatin plus etoposide was added to the surgery in patients with olfactory neuroblastoma (20) . Conversely, there are retrospective studies that suggested the potential benefit of adjuvant chemotherapy in high grade and advanced stage disease (21, 22) . We used neoadjuvant and/or adjuvant chemotherapy in five of 14 patients, mainly combined with radiation and in advanced Kadish stage.
Locoregional recurrence and distant metastasis are the most common cause of treatment failure, and can occur several years later. The rate of local recurrence and distant metastasis was reported between 26% to 62% and 12% to 25%, respectively (4, 23) . Radiotherapy, surgery and chemotherapy either alone or in combination has been used in different studies as salvage treatment depending on the clinical situation and the primary treatment (24, 25) . In our study, five (35%) patients developed local and/or distant metastasis. All of them had advanced stage and high grade tumors. This finding is consistent with patient series that reported Kadish stage and Hyams' grading as two important prognostic indicators in olfactory neuroblastoma (5, 26, 27) . In our recurrent cases, surgery followed by adjuvant radiotherapy was the primary treatment of four patients, who were salvaged with chemotherapy. One patient who did not receive adjuvant radiotherapy was salvaged with chemoradiation. Salvage treatment in our patients was not successful. Four patients died and one was alive with disease in the last follow up. It seems that other modalities particularly re-irradiation with new modern techniques can be used in this setting (28) .
In our study, the 5-year disease free and overall survival was 71% and 75%, respectively. In a study of Tajudeen et al. the 5-year disease free and overall survival was 54% and 82%, respectively (9) . Most of the individual series reported disease free survival around 70% (25, (28) (29) (30) . A report from Petruzzelli et al. showed disease free survival of 84% in retrospective analysis of 37 patients. They received multimodality treatment including surgery and chemoradiation. In that study, nine patients received neoadjuvant chemoradiation and half of them were treated with IMRT, which may explain the high disease-free survival (19) . The best primary and salvage approach for patients with olfactory neuroblastoma should be investigated in future prospective studies.
At our center, patients with olfactory neuroblastoma tend to present at advanced stages; therefore, combined local treatments and incorporation of chemotherapy may improve outcome. 
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